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Few studies have investigated links between child abuse and neg-
lect and diabetes mellitus in nationally representative samples, and
none have explored the role of obesity in the relationship. We
sought to determine whether child abuse and neglect were associ-
ated with diabetes and if so, whether obesity mediated this rela-
tionship in a population-representative sample of young adults.
Methods
We used data from 14,493 participants aged 24 to 34 years from
Wave IV of the National Longitudinal Study of Adolescent Health
to study associations between self-reported child abuse (sexual,
physical, or emotional abuse) and neglect as children and diabetes
or prediabetes in young adulthood. We conducted sex-stratified lo-
gistic regression analyses to evaluate associations in models be-
fore and after the addition of body mass index (BMI) as a covari-
ate.
Results
Although the prevalence of diabetes was similar for men and wo-
men (7.0% vs 6.7%), men were more likely than women to have
prediabetes (36.3% vs 24.6%; omnibus P < .001). Among men, re-
current sexual abuse (≥3 lifetime incidents) was significantly asso-
ciated with diabetes (OR, 3.66; 95% CI, 1.31–10.24), but not with
prediabetes.  There was no evidence of mediation by BMI. No
forms of child abuse or neglect were associated with diabetes or
prediabetes among women.
Conclusions
Recurrent  sexual  abuse is  robustly associated with diabetes in
young adult men, independently of other forms of child abuse or
neglect and BMI. Future research should explore other potential
mechanisms for this association to identify avenues for prevention
of diabetes among men who have experienced sexual abuse.
Introduction
Diabetes  mellitus  is  the  seventh leading cause of  death  in  the
United States; the disease affects more than 9% of the US popula-
tion and costs $245 billion per year (1). An additional 86 million
Americans aged 20 years or older are estimated to have predia-
betes (1). Although 2012 data indicated a leveling off of the pre-
valence and incidence of diabetes in the population as a whole, in-
creases are  still  apparent  in  some subgroups,  including young
adults aged 20 to 44 years (2), among whom an estimated 6% have
diabetes (3). As the public health burden of diabetes continues to
rise, efforts to identify risk factors and stem the tide are needed.
Obesity is a major risk factor for diabetes (4); thus, correlates of
obesity are likely targets for associations with diabetes. A recent
meta-analysis found that obesity was positively associated with
sexual, physical, and emotional abuse in childhood (5), and res-
ults from the Adverse Childhood Experiences Study showed that
the number of adverse experiences (including all forms of abuse
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and physical neglect) was significantly related to disordered eat-
ing, low levels of physical activity, obesity, and diabetes (6,7).
Similarly, a 30-year prospective study found significant associ-
ations of childhood maltreatment —including neglect and physic-
al, sexual, and emotional abuse — with obesity (7) and elevated
hemoglobin A1c (HbA1c) levels, a marker for diabetes (8). One
explanation for the relationship between child abuse and neglect
and negative health outcomes is that the chronic stress associated
with child maltreatment causes detrimental and lasting neurobiolo-
gic changes, such as hypothalamic–pituitary–adrenal (HPA) axis
dysregulation, that lead to poor health behaviors and outcomes (6,
9, 10). Additionally, child abuse and neglect may result in conflic-
ted relationships, poor self-esteem, and the subsequent adoption of
health-risk behaviors (11).
Child maltreatment is common in the United States. It is estim-
ated that 1 in 8 US children will have an officially confirmed mal-
treatment episode by age 18 (12). Several studies using nationally
representative data from the National Longitudinal Study of Ad-
olescent Health (Add Health) have examined associations between
child maltreatment and overweight and obesity or weight gain in
adolescence and young adulthood (13–17). Add Health is a longit-
udinal study of a nationally representative sample of US adoles-
cents who were in grades 7 through 12 during the 1994–95 school
year. Add Health collects data on adolescents’ social, economic,
psychological, and physical well-being and has followed a cohort
of adolescents into young adulthood in a series of in-home inter-
views called “waves.” These studies using Add Health data had
varied results.  Three found associations only among particular
subgroups; however, results were inconsistent. One study found an
association between sexual abuse and obesity in men only (13), 1
study observed  a  relationship  between combined  instances  of
sexual and physical abuse and severe obesity only in nonminority
women and men (14), and a third study found that supervisory
neglect was associated with body mass index (BMI) at the first
wave of data collection (Wave I) in women only (15). Two other
studies demonstrated associations in the entire Add Health data
between co-occurring physical abuse and neglect and obesity at
Wave  I  (16)  and  between physical  abuse  and  overweight  and
obesity at the third wave of data collection (Wave III) (17).
To  our  knowledge,  no  study  has  yet  examined  associations
between child maltreatment and diabetes in a nationally represent-
ative sample, and results from studies that used nonrepresentative
samples were inconclusive. Furthermore, previous studies did not
take obesity into account (18), which would be critical given that
obesity,  which is  a  risk  factor  for  diabetes,  is  associated with
childhood maltreatment. Therefore, the objective of this study was
to examine whether child maltreatment was associated with dia-
betes and, if so, whether obesity mediated this relationship in a
population-representative sample of young adults.
Methods
This study used restricted-use data from 14,493 (46.1% male) par-
ticipants in Wave IV of Add Health. We used variables drawn
from participant responses to Waves I, III, and IV in-home inter-
views. At Wave I, conducted during the 1994–95 school year, a
nationally representative sample of 20,745 adolescents in grades 7
through 12 completed in-home interviews. Waves III (2001–02)
and IV (2008–09) included all Wave I in-home respondents who
could be located, yielding a sample of 15,197 adults aged 18 to 28
years at Wave III, and 15,701 aged 24 to 34 at Wave IV. In addi-
tion, at Wave IV, researchers measured height and weight and col-
lected blood for DNA and various biomarker analyses, including
fasting or nonfasting blood glucose and HbA1c levels. Details re-
garding Add Health are available elsewhere (19). Because previ-
ous  investigations  have  observed  sex-specific  associations
between childhood maltreatment and obesity, analyses were strati-
fied by sex.
Key variables
We coded diabetes status from Add Health Wave IV biospecimen
data and modeled it as a 3-level variable: 1) diabetes (defined as
any of the following: HbA1c ≥6.5%, fasting glucose ≥126 mg/dL,
nonfasting blood glucose ≥200 mg/dL, self-reported taking anti-
diabetic medication, and/or report of receiving a diagnosis of dia-
betes or high blood glucose by a health care provider); 2)  predia-
betes or impaired glucose tolerance (HbA1c 5.7%–6.4% and/or
fasting glucose 100–125 mg/dL); or 3) no diabetes. We did not use
nonfasting blood glucose alone for classification of prediabetes
because  the  American  Diabetes  Association  does  not  provide
guidelines for doing so.
We coded child maltreatment variables from Wave III and Wave
IV in-home interview questions (Box) regarding how often re-
spondents experienced specific forms of child maltreatment by
adult caregivers.  Questions had 5 response options, from “this
never happened” to “more than 10 times.” Add Health assessed
child neglect at Wave III only and emotional abuse at Wave IV
only. Although assessments used identical descriptions of child-
hood sexual abuse and physical abuse at Wave III and Wave IV,
questions at Wave III asked about events occurring before the re-
spondent was in 6th grade; Wave IV questions asked about events
occurring before age 18. In both interviews, an additional ques-
tion about the respondent’s age when the event first occurred fol-
lowed positive responses. Because the focus of the current study
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was child abuse and neglect, we coded events reported at Wave IV
as positive only if they first happened before age 12. To distin-
guish recurrent abuse from abuse that occurred only once or twice,
we operationalized each type of maltreatment as a 3-level variable:
3 or more times, 1 to 2 times, or never. These cutpoints coincided
with the median number of incidents for respondents who had ever
experienced physical abuse, sexual abuse, or neglect.
Box. Questions Used To Assess Childhood Physical Abuse, Sexual
Abuse, and Neglect in Study Sample (N = 14,493), Wave III and
Wave IV In-Home Interviews, National Longitudinal Study of Ad-
olescent Health
Wave III interview (by the time you started 6th grade)
How often had your parents or other adult caregivers left you
home alone when an adult should have been with you? (Neglect)
How often had your parents or other adult caregivers not taken
care of your basic needs, such as keeping you clean or providing
food or clothing? (Neglect)
How often had your parents or other adult caregivers slapped, hit,
or kicked you? (Physical abuse)
How often had your parents or other adult caregivers touched you
in a sexual way, forced you to touch him or her in a sexual way, or
forced your to have sexual relations? (Sexual abuse)
Wave IV interview (before your 18th birthday) (coded as positive if
age reported for first event was <12 years)
How often did a parent or other adult caregiver say things that
really hurt your feelings or made you feel like you were not wanted
or loved? How old were you the first time this happened?
(Emotional abuse)
How often did a parent or adult caregiver hit you with a fist, kick
you, or throw you down on the floor, into a wall, or down stairs?
How old were you the first time this happened? (Physical abuse)
How often did a parent or other adult caregiver touch you in a
sexual way, force you to touch him or her in a sexual way, or force
you to have sexual relations? How old were you the first time this
happened? (Sexual abuse)
Body mass index (BMI [kg/m2]) was calculated from height and
weight measured at Wave IV. We categorized BMI into 5 levels:
obese classes III (≥40), II (35.0–39.9), and I (30.0–34.9); over-
weight (25.0–29.9); and normal weight (<25.0). Because of low
numbers, underweight adults (BMI <18.5) were included in the
normal-weight category (n = 191; 1.3% of total sample).
We also included covariates that were known to be associated with
both childhood maltreatment and diabetes that were not likely to
be in the causal pathway between childhood maltreatment and dia-
betes and were available in the data set. We modeled the 6-cat-
egory race/ethnicity preconstructed variable from the Wave I data
set (ie, white, black, Latino, Asian/Pacific Islander, American In-
dian/Native American, and other) (13) as a set of indicator vari-
ables, with white as the reference category. We dichotomized self-
report  of  highest  education  attained  at  Wave  IV  as  receiving
versus not receiving a 4-year college degree. We coded financial
insecurity in adolescence from the question in the parental inter-
view: “Do you have enough money to pay your bills?” Because
15.0% of respondents did not have parental interview data, we
modeled  this  variable  as  a  set  of  indicator  variables:  enough
money to pay bills, not enough money to pay bills (the reference
category), or parental data missing. Such subjective measures of
social status have been identified as strong predictors of health
and, for some measures, are more predictive of health than object-
ive measures such as income and education (20,21). Furthermore,
without information about household size or region, estimates of
income would not be accurate (22). We obtained information on
whether respondents had ever smoked daily from the Wave IV in-
terview.
Data analysis
We analyzed data from 14,493 Add Health Wave IV participants
with biomarker data by using survey procedures in Stata version
9.2 (Stata Corp LP) to account for Add Health’s complex survey
design, stratifying all analyses by sex. First, we used χ2 analyses to
assess bivariate associations of the 3-category diabetes dependent
variable (ie, diabetes, prediabetes, or no diabetes) with the 4 child
maltreatment variables (ie, sexual abuse, physical abuse, neglect,
and emotional abuse) and BMI category and other potential cov-
ariates (Table 1). Next, we estimated separate multinomial logist-
ic regression models with 3-category diabetes status as the de-
pendent variable (no diabetes as reference category) for each form
of child maltreatment, separately in men and women (models 1–4
[Table 2]). We then estimated a model with all 4 forms of child
maltreatment as independent variables (Model 5). To this model,
we added the following covariates: age, race/ethnicity, college de-
gree, daily smoking, and childhood financial insecurity (Model 6).
Finally, we added BMI category to the model (Model 7) and com-
pared the odds ratios (ORs) of Models 6 and 7. In all models, we
PREVENTING CHRONIC DISEASE VOLUME 12, E70
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2015
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
www.cdc.gov/pcd/issues/2015/14_0434.htm • Centers for Disease Control and Prevention       3
conducted post-hoc tests to evaluate differences between the ORs
for 1 to 2 versus 3 or more childhood maltreatment incidents for
each type of maltreatment.
Results
Although the prevalence of diabetes was similar for men and wo-
men (7.0% vs 6.7%), men were more likely than women to have
prediabetes (36.3% vs 24.6%; omnibus P < .001). Both men and
women with  diabetes  were  more  likely  than  men  and  women
without diabetes to have a BMI in the obese range and to be a
member of a racial/ethnic minority group and less likely to report
having a college degree. Men, but not women, with diabetes were
significantly more likely to have a background of childhood finan-
cial insecurity. The prevalence of these variables for respondents
with prediabetes was generally between the prevalence for those
with and without diabetes (Table 1). In both men and women, a
history of daily smoking was inversely associated with diabetes;
however, these associations were significant only among women
(P = .001).
Among men, 4.1% with diabetes reported that they had experi-
enced sexual abuse by a caregiver 3 or more times, compared with
1.3% with prediabetes and 1.2% without diabetes (P = .013). No
other forms of child maltreatment were significantly associated
with diabetes among men. Among women, only emotional abuse
was associated with the 3-level diabetes status variable overall (P
= .02), but the relationship was complex. Although women with
diabetes had a higher prevalence of 1 to 2 occurrences of emotion-
al abuse than women with prediabetes or women without diabetes,
they had a lower prevalence of 3 or more occurrences of emotion-
al abuse (15.3% vs 18.3% for women without diabetes). Child-
hood physical abuse was significantly associated with BMI cat-
egory in men (P = .012) and in women (P = .04); however, there
were no significant associations between BMI category and any
other forms of childhood maltreatment in men or women (Table
2).
Men who reported experiencing sexual abuse 3 or more times had
3.63 times greater odds of diabetes than men who did not report
sexual abuse (95% CI, 1.53–8.62) (Table 3). The magnitude of
this association remained similar after adjusting for other forms of
child  maltreatment  and  covariates  (OR,  3.66;  95%  CI,
1.31–10.24). The addition of BMI category to the model slightly
increased the magnitude of association between 3 or more incid-
ents of sexual abuse and diabetes (OR, 3.80; 95% CI, 1.48–9.72),
an indication that BMI category did not mediate the association;
all BMI categories were significantly, positively associated with
diabetes and prediabetes. Negative associations between diabetes
and both neglect and emotional abuse were observed but were not
consistently significant, and no associations were noted for physic-
al abuse. With one exception (infrequent physical abuse in bivari-
ate model only), no other child maltreatment variables were asso-
ciated with prediabetes in men.
In  contrast  to  men,  among  women  (Table  3)  no  associations
between diabetes and any child maltreatment variable were ob-
served in any of the models. Rather, women experiencing 1 to 2
occurrences of neglect had a greater risk of prediabetes (OR, 1.31;
95% CI, 1.06–1.63) that remained significant and similar in mag-
nitude even after covariates and BMI were added to the model
(OR, 1.29; 95% CI, 1.02–1.63). There was an inverse association
between repeated emotional abuse and prediabetes; however, this
relationship was no longer significant after adding covariates and
BMI to the model.
Discussion
In this population-based sample of young adults, we found that re-
peated sexual abuse was significantly associated with diabetes
among men, even after adjusting for BMI category. In contrast,
there were no associations between retrospective self-reports of
any form of childhood maltreatment and diabetes among women.
There is limited previous research in this area, and findings from
other studies of child maltreatment and diabetes have been mixed.
Our results are consistent with those reported in a previous Add
Health study that used data from Wave III and found a significant
association between sexual abuse and obesity in men but not in
women (13).
To our knowledge, this is the first study to investigate the possibil-
ity that BMI mediates the association between childhood maltreat-
ment and diabetes. BMI category was positively associated with
prediabetes and diabetes in these analyses for both women and
men; however, it did not serve as a mediator of the relationship
between sexual abuse and diabetes in men, as evidenced by the in-
crease in the magnitude of the OR for sexual abuse after adding
BMI category to the model. This finding was not unexpected giv-
en that we did not observe an association between sexual abuse
and obesity in sexual abuse data from Waves III and IV and BMI
data from Wave IV (Table 2), contrary to the results of a previous
study (13). Although a meta-analysis showed a significant posit-
ive association between sexual abuse and obesity, many of the in-
dividual studies included in the meta-analysis did not find a signi-
ficant association, and ORs from these studies ranged from 0.81 to
3.60 (5). This heterogeneity may be due to differences in the oper-
ationalization of sexual abuse and to choice of the comparison
group  for  obesity.  Furthermore,  findings  from  previous  Add
Health studies of associations between sexual abuse and obesity
and BMI varied and found significant associations only within
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particular subgroups (13–15). Taken together, this suggests that if
there is an association between sexual abuse and obesity and BMI
in Add Health, it is not a robust one.
There is  a  well-established association between childhood ad-
versity and mental and physical health outcomes (8,15,16,24). Our
results suggest that sexual abuse may also have a negative effect
on the physical health of men, in particular on cardiovascular dis-
ease risk. Fuller-Thomson et al (25), in a population-based adult
sample, reported significantly elevated odds of myocardial infarc-
tion among men, but not women, who were exposed to childhood
sexual abuse than among their unexposed counterparts (25). Vari-
ous explanations have been offered for this link that may be relev-
ant to our results (24). These include that men could be less likely
than women to seek treatment following incidents of abuse and
that treatment regimens for men may differ from those for women,
leading to poorer adaptation of men following the abuse. This poor
adaptation may increase men’s psychosocial stress, thereby affect-
ing the HPA stress pathway, making them more vulnerable to ad-
verse cardiovascular events, including precursor outcomes such as
diabetes. Further research in this area is needed. The prevalence of
officially confirmed childhood sexual abuse and rates of sexual
abuse based on retrospective self-report are lower for men than for
women (26–28).  Thus,  efforts  to improve the identification of
childhood sexual abuse among men and subsequent interventions
may not only improve psychosocial outcomes but may also bene-
fit men’s long-term physical health.
This study also may be the first to examine associations between
childhood maltreatment and prediabetes; however, some of the
results were inconsistent and somewhat counterintuitive. For ex-
ample, women who reported experiencing 1 to 2 neglect incidents
were more likely to develop prediabetes, but the OR for 3 or more
incidents was close to 1 and not significant; this was also true for
both levels of neglect when predicting diabetes. This finding may
be due to chance, particularly given that there was not a signific-
ant difference between the ORs for 1 to 2 neglect incidents and 3
or more neglect incidents. The negative association between infre-
quent emotional abuse and diabetes in men was also unexpected
and may possibly reflect limitations of the Add Health child mal-
treatment assessment. Because the assessment of each form of
child maltreatment was limited to 1 or 2 questions, it is difficult to
place these results into context. A single-item indicator for child
maltreatment events may not be adequate in accurately capturing
all cases of abuse and does not allow for its in-depth characteriza-
tion. In addition, the Add Health assessment of sexual abuse asked
only about incidents committed by a family member or adult care-
giver.  Because many perpetrators of sexual abuse, particularly
among male victims, are not relatives or caregivers (24,27), people
who experienced sexual abuse perpetrated by persons not family
members or caregivers would be false negatives on the sexual ab-
use variable, causing a bias toward the null hypothesis. Misclassi-
fication from retrospective reports of child maltreatment, another
potential limitation of the assessment, would also probably yield
far more false negatives than false positives. Therefore, the true
magnitude of association between childhood sexual abuse and dia-
betes in men may be greater than we observed.
There were also limitations to our categorization of diabetes. First,
we were unable to distinguish between type 1 and type 2 diabetes.
It is possible that results may have differed by diabetes type, par-
ticularly because risk factors for the two types are different (29);
however, given estimates that 90% to 95% of adults with diabetes
have type 2 diabetes (3), most people with diabetes in the sample
probably had type 2 diabetes. Second, the American Diabetes As-
sociation currently defines blood glucose cutoffs for classifying
prediabetes solely based on fasting blood glucose, but for most
Add Health participants,  only nonfasting blood glucose levels
were available. Thus, we may have missed prediabetes in some
people for whom we did not have fasting blood glucose levels:
1.4% of people classified as not having diabetes (n = 123) had
nonfasting blood glucose levels in the 140 to 199 mg/dL range and
reported 2 to 7 hours since they last ate or drank; some of these
may have had prediabetes. Second, 5.2% of women with diabetes
(n = 32), but no men, were coded as such solely because they were
on antidiabetes medication; it is possible that some of those wo-
men were on metformin because of polycystic ovary syndrome
rather than for diabetes. Removal of these women from the analys-
is, however, did not alter the results (data not shown).
Although results  were  not  uniform,  our  findings  indicate  that
childhood sexual abuse among men is associated with greater risk
of diabetes in adulthood. The magnitude of effect remained robust
even when controlling for other forms of child maltreatment and
obesity. The prevalence of sexual abuse may be underestimated in
this  sample.  Furthermore,  given  the  potential  for  interactions
between different variables examined here, unobserved factors
could have altered different associations of diabetes with child-
hood abuse and neglect. Nonetheless, these findings from a large,
nationally representative sample that used a rigorous approach to
defining diabetes are a potentially important step in understanding
the relationship between childhood adversities and diabetes and
may generate future research efforts to develop new hypotheses
and interventions to address factors related to the development of
diabetes.
Acknowledgments
This article was supported by National Institutes of Health (NIH)/
National Institute of Diabetes and Digestive and Kidney Disease
PREVENTING CHRONIC DISEASE VOLUME 12, E70
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2015
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
www.cdc.gov/pcd/issues/2015/14_0434.htm • Centers for Disease Control and Prevention       5
(NIDDK) grant no. P30DK092950, Washington University Cen-
ter for Diabetes Translation Research. Its contents are solely the
responsibility of the authors and do not necessarily represent the
official view of the Washington University Center for Diabetes
Translation Research, NIDDK, or NIH. We acknowledge the sup-
port of the Washington University Institute for Public Health for
cosponsoring, with the Washington University Center for Dia-
betes Translation Research, the Next Steps in Public Health event
that led to the development of this article.
Author Information
Corresponding Author: Alexis E. Duncan, PhD, MPH, George
Warren Brown School of Social Work, Washington University,
One  Brookings  Dr,  Campus  Box  1196,  St  Louis,  MO 63130.
Telephone: 314-935-6758. Email: aduncan@wustl.edu.
Author Affiliations: Wendy F. Auslander; Kathleen K. Bucholz,
Richard  I.  Stein,  Neil  H.  White,  Washington  University  and
Washington University School of Medicine, St Louis, Missouri;
Darrell L. Hudson, Washington University, St Louis, Missouri. Dr
Duncan  is  also  affiliated  with  the  Center  for  Diabetes
Translational Research of Washington University and the Midwest
Alcoholism Research Center and the Department of Psychiatry,
Washington University School of Medicine, St Louis, Missouri.
References
American Diabetes Association. Economic costs of diabetes in
the US in 2012. Diabetes Care 2013;36(4):1033–46. and
  1.
Geiss LS, Wang JC, Cheng YJ, Thompson TJ, Barker L, Li Y,
et al. Prevalence and incidence trends for diagnosed diabetes
among adults aged 20 to 79 years, United States, 1980–2012.
JAMA 2014;312(12):1218–26.
  2.
National diabetes statistics report: estimates of diabetes and its
burden in the United States, 2014. Atlanta (GA): Centers for
Disease Control and Prevention; 2014.
  3.
Wild SH, Byrne CD. Risk factors for diabetes and coronary
heart disease. BMJ 2006;333(7576):1009–11.
  4.
Hemmingsson  E,  Johansson  A,  Reynisdottir  S.  Effects  of
childhood abuse on adult  obesity:  a  systematic  review and
meta-analysis. Obes Rev 2014;15(11):882–93.
  5.
Dube  SR,  Felitti  VJ,  Dong  M,  Giles  WH,  Anda  RF.  The
impact of adverse childhood experiences on health problems:
evidence from four birth cohorts dating back to 1900. Prev
Med 2003;37(3):268–77.
  6.
Williamson DF, Thompson TJ, Anda RF, Dietz WH, Felitti V.
Body weight and obesity in adults and self-reported abuse in
childhood. Int J Obes Relat Metab Disord 2002;26(8):1075–82.
  7.
Widom CS, Czaja SJ, Bentley TS, Johnson MS. A prospective
investigation  of  physical  health  outcomes  in  abused  and
neglected children: new findings from a 30-year follow-up.
Am J Public Health 2012;102(6):1135–44.
  8.
Heim  C,  Shugart  M,  Craighead  WE,  Nemeroff  CB.
Neurobiological and psychiatric consequences of child abuse
and neglect. Dev Psychobiol 2010;52(7):671–90.
  9.
Hemmingsson E. A new model of the role of psychological
and emotional distress in promoting obesity: conceptual review
with  implications  for  treatment  and  prevention.  Obes  Rev
2014;15(9):769–79.
10.
Felitti  VJ,  Anda RF, Nordenberg D, Williamson DF, Spitz
AM, Edwards VJ, et al. Relationship of childhood abuse and
household dysfunction to many of the leading causes of death
in adults: the Adverse Childhood Experiences (ACE) Study.
Am J Prev Med 1998;14(4):245–58.
11.
Wildeman C, Emanuel N, Leventhal M, Putnam-Hornstein E,
Waldfogel  J,  Lee  H.  The  prevalence  of  confirmed
maltreatment among US children, 2004 to 2011. JAMA Pediatr
2014;168(8):706–13.
12.
Fuemmeler  BF,  Dedert  E,  McClernon  FJ,  Beckham  JC.
Adverse  childhood  events  are  associated  with  obesity  and
disordered eating: results from a US population-based survey
of young adults. J Trauma Stress 2009;22(4):329–33.
13.
Richardson AS, Dietz WH, Gordon-Larsen P. The association
between childhood sexual and physical abuse with incident
adult  severe  obesity  across  13  years  of  the  National
Longitudinal Study of Adolescent Health. Pediatr Obes. 2014;
9(5):351–61.
14.
Clark CJ, Spencer RA, Everson-Rose SA, Brady SS, Mason
M, Connett JE, et al. Dating violence, childhood maltreatment,
and BMI from adolescence to  young adulthood.  Pediatrics
2014;134(4):678–85.
15.
Shin SH, Miller DP. A longitudinal examination of childhood
maltreatment and adolescent obesity: results from the National
Longitudinal Study of Adolescent Health (AddHealth) Study.
Child Abuse Negl 2012;36(2):84–94.
16.
Hussey JM, Chang JJ, Kotch JB. Child maltreatment in the
United States: prevalence, risk factors, and adolescent health
consequences. Pediatrics 2006;118(3):933–42.
17.
Tamayo  T,  Christian  H,  Rathmann  W.  Impact  of  early
psychosocial  factors (childhood socioeconomic factors and
adversities)  on  future  risk  of  type  2  diabetes,  metabolic
disturbances, and obesity: a systematic review. BMC Public
Health 2010;10:525.
18.
UNC  Carolina  Population  Center.  Add  Health:  social,
behavioral, and biological linkages across the life course. http:/
/www.cpc.unc.edu/projects/addhealth. Accessed September 15,
2014.
19.
PREVENTING CHRONIC DISEASE VOLUME 12, E70
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2015
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2015/14_0434.htm
Adler NE, Epel ES, Castellazzo G, Ickovics JR. Relationship
of subjective and objective social status with psychological and
physiological functioning: preliminary data in healthy white
women. Health Psychol 2000;19(6):586–92.
20.
Ostrove  JM,  Adler  NE,  Kuppermann  M,  Washington  E.
Objective and subjective assessments of socioeconomic status
and  their  relationship  to  self-rated  health  in  an  ethnically
diverse  sample  of  pregnant  women.  Health  Psychol  2000;
19(6):613–8.
21.
Keister LS, Moller S. Wealth inequality in the United States.
Annu Rev Sociol 2000;26:63–81.
22.
Nelson EC, Heath AC, Madden PAF, Cooper ML, Dinwiddie
SH,  Bucholz  KK,  et  al.  Association  between self-reported
childhood sexual abuse and adverse psychosocial outcomes:
results  from  a  twin  study.  Arch  Gen  Psychiatry  2002;
59(2):139–45.
23.
Fuller-Thomson  E,  Bejan  R,  Hunter  JT,  Grundland  T,
Brennenstuhl S. The link between childhood sexual abuse and
myocardial  infarction  in  a  population-based  study.  Child
Abuse Negl 2012;36(9):656–65.
24.
Pérez-Fuentes G, Olfson M, Villegas L, Morcillo C, Wang S,
Blanco C. Prevalence and correlates of childhood sexual abuse:
a national study. Compr Psychiatry 2013;54(1):16–27.
25.
Holmes WC, Slap GB. Sexual abuse of boys.  JAMA 1998;
280(21):1855–62.
26.
Dube SR,  Anda RF,  Whitfield  CL,  Brown DW, Felitti  VJ,
Dong M, et al. Long-term consequences of childhood sexual
abuse by gender of victim. Am J Prev Med 2005;28(5):430–8.
27.
Tuomi T, Santoro N, Caprio S, Cai M, Weng J, Groop L. The
many  faces  of  diabetes:  a  disease  with  increasing
heterogeneity. Lancet 2014;383(9922):1084–94.
28.
PREVENTING CHRONIC DISEASE VOLUME 12, E70
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2015
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
www.cdc.gov/pcd/issues/2015/14_0434.htm • Centers for Disease Control and Prevention       7
Tables
Table 1. Characteristics of Study Sample (N = 14,493) by Sex and Diabetes Status, National Longitudinal Study of Ad-












N 614 2,062 5,138 — 488 2,584 3,607 —














Black 35.60 26.67 10.60 34.09 21.00 8.55
Latino 13.16 15.57 10.64 16.07 13.70 9.97
Asian/Pacific Islander 2.31 3.07 3.36 2.13 4.40 2.84
American Indian/Native
American
3.64 1.57 1.71 4.81 2.75 1.54
Other 0.18 1.01 0.93 0.23 0.78 1.21
Has college degree 20.50 25.19 36.52 <.001 18.90 19.86 30.96 <.001
Ever smoked daily for
30 days










18.31 22.10 25.87 23.92 33.17 36.66
Obese class I (BMI
30.0–34.9)
21.75 21.14 14.96 23.82 21.84 19.17
Obese class II (BMI
35.0–39.9)
19.47 15.87 8.57 12.41 11.17 6.69
Obese class III (BMI
≥40.0)
26.02 18.87 6.83 23.38 8.88 3.82
Childhood financial insecurity (from parent–caregiver interview)
Yes 16.93 17.07 14.79
.08
19.96 16.79 11.97
<.001No 63.91 68.76 70.94 62.07 70.53 74.01
Missing 19.16 14.16 14.27 17.97 12.68 14.02
Childhood sexual abuse (Wavesd III, IV)
Abbreviations: BMI, body mass index; HbA1c, Hemoglobin A1c; SD, standard deviation; —, not applicable.
a All values are weighted percentages, unless otherwise noted; all variables were assessed at Wave IV unless otherwise noted with wave number(s) in
parentheses.
b HbA1c ≥6.5%, fasting glucose ≥126 mg/dL, nonfasting glucose ≥200 mg/dL, self-reported taking antidiabetic medication and/or a positive answer to
the question “Has a doctor, nurse or other health care provider ever told you that you have or had high blood sugar or diabetes?”
c HbA1c 5.7%–6.4% and/or fasting glucose 100–125 mg/dL.
d Waves refer to the series of 4 in-home interviews through which Add Health collected data on adolescents’ social, economic, psychological, and phys-
ical well-being.
(continued on next page)
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Table 1. Characteristics of Study Sample (N = 14,493) by Sex and Diabetes Status, National Longitudinal Study of Ad-












≥3 times 5.36 4.26 4.56
.79
4.10 1.30 1.17
.0131–2 times 3.05 3.80 4.17 3.64 4.45 3.54
None 91.60 91.94 91.27 92.26 94.26 95.29
Childhood physical abuse (Wavesd III, IV)
≥3 times 13.64 13.56 15.79
.41
15.32 15.77 15.28
.361–2 times 13.01 11.52 11.22 12.70 13.94 11.39
None 73.35 74.92 73.00 71.98 70.30 73.33
Childhood emotional abuse
≥3 times 15.32 14.59 18.26
.02
9.81 12.38 13.23
.261–2 times 5.08 2.74 3.22 2.10 3.07 3.85
None 79.61 82.67 78.52 88.09 84.55 82.91
Neglect (Waved III)




1–2 times 14.94 18.58 15.49 17.05 18.33 17.96
None 53.62 48.54 53.10 47.47 45.76 43.75
Missing 12.42 16.20 14.47 20.68 18.07 20.53
Abbreviations: BMI, body mass index; HbA1c, Hemoglobin A1c; SD, standard deviation; —, not applicable.
a All values are weighted percentages, unless otherwise noted; all variables were assessed at Wave IV unless otherwise noted with wave number(s) in
parentheses.
b HbA1c ≥6.5%, fasting glucose ≥126 mg/dL, nonfasting glucose ≥200 mg/dL, self-reported taking antidiabetic medication and/or a positive answer to
the question “Has a doctor, nurse or other health care provider ever told you that you have or had high blood sugar or diabetes?”
c HbA1c 5.7%–6.4% and/or fasting glucose 100–125 mg/dL.
d Waves refer to the series of 4 in-home interviews through which Add Health collected data on adolescents’ social, economic, psychological, and phys-
ical well-being.
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Table 2. Characteristics of Study Sample (N = 14,493) by Sex and Wave IV Body Mass Index (BMI) Category, National
























≥3 times 1.35 1.39 1.58 1.45 1.53
.371–2 times 3.29 3.46 4.45 3.65 7.35
None 95.36 95.15 93.96 94.91 91.12
Physical abuse
≥3 times 15.84 13.87 15.27 22.36 14.19
.0121–2 times 13.34 11.16 11.59 12.31 17.13
None 70.82 74.97 73.14 65.33 68.68
Emotional abuse
≥3 times 13.26 11.37 14.55 13.06 10.96
.401–2 times 4.06 3.02 2.85 4.20 3.93
None 82.68 85.61 82.60 82.74 85.11
Neglect
≥3 times 17.96 16.53 18.40 17.79 18.83
.83
1–2 times 18.12 17.17 18.67 18.21 19.36
None 45.48 44.77 43.09 46.49 45.55
Missing 18.43 21.53 19.84 17.51 16.26
Women
Sexual abuse
≥3 times 3.66 4.93 6.02 4.72 4.06
.451–2 times 4.45 3.84 3.63 3.62 4.26
None 91.89 91.22 90.36 91.66 91.68
Physical abuse
≥3 times 14.66 16.82 13.95 13.46 15.63
.041–2 times 11.34 10.26 10.30 11.16 16.25
None 74.00 72.92 75.75 75.38 68.12
Emotional abuse
≥3 times 17.20 17.96 15.96 14.29 20.34
.371–2 times 3.09 3.28 3.45 2.48 3.84
None 79.71 79.03 80.59 83.23 75.82
Neglect
≥3 times 16.09 17.30 18.63 15.62 19.42 .76 
a All values are weighted percentages unless otherwise noted.
(continued on next page)
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Table 2. Characteristics of Study Sample (N = 14,493) by Sex and Wave IV Body Mass Index (BMI) Category, National






















1–2 times 15.55 15.88 16.83 18.35 15.37
None 53.95 51.96 49.27 51.85 50.85
Missing 14.40 15.13 15.28 14.18 14.36
a All values are weighted percentages unless otherwise noted.
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Table 3. Results from Multinomial Logistic Regression Models Predicting Diabetes Status for Men and Women (N =












Model 1: Sexual abuse only
≥3 times 3.63 (1.53–8.62)a 1.13 (0.61–2.10) 1.17 (0.76–1.82) 0.93 (0.64–1.14)
1–2 times 1.06 (0.47–2.37)b 1.27 (0.86–1.88) 0.73 (0.34–1.57) 0.90 (0.62–1.32)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Model 2: Physical abuse only
≥3 times 1.02 (0.70–1.49) 1.08 (0.89–1.31) 0.86 (0.59–1.24) 0.84 (0.67–1.05)
1–2 times 1.14 (0.67–1.93) 1.27 (1.01–1.61) 1.15 (0.79–1.69) 1.00 (0.81–1.24)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Model 3: Emotional abuse only
≥3 times 0.70 (0.44–1.10) 0.92 (0.71–1.18) 0.83 (0.57–1.20)b 0.76 (0.62–0.93)a
1–2 times 0.51 (0.24–1.11) 0.78 (0.51–1.19) 1.56 (0.92–2.62)c 0.81 (0.52–1.26)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Model 4: Neglect only
≥3 times 0.77 (0.49–1.19) 0.96 (0.78–1.18) 1.11 (0.81–1.52) 1.08 (0.87–1.33)
1–2 times 0.88 (0.60–1.28) 0.98 (0.80–1.20) 0.96 (0.67–1.37) 1.31 (1.06–1.63)
Missing 0.93 (0.63–1.38) 0.85 (0.69–1.04) 0.85 (0.63–1.15) 1.22 (0.93–1.61)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Model 5: all forms of maltreatment
Sexual abuse
≥3 times 4.26 (1.75–10.37)a 1.08 (0.56–2.07) 1.14 (0.69–1.89) 0.95 (0.64–1.40)
1–2 times 1.13 (0.49–2.58)b 1.22 (0.78–1.90) 0.83 (0.39–1.78) 0.96 (0.66–1.40)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Physical abuse
≥3 times 1.20 (0.80–1.78) 1.10 (0.88–1.37) 0.83 (0.53–1.30) 0.93 (0.72–1.21)
1–2 times 1.19 (0.73–1.94) 1.30 (0.99–1.71) 1.08 (0.74–1.60) 1.00 (0.81–1.24)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Emotional abuse
≥3 times 0.65 (0.42–1.00) 0.90 (0.70–1.15) 0.85 (0.57–1.29)a 0.77 (0.60–0.97)
1–2 times 0.50 (0.23–1.10) 0.75 (0.49–1.16) 1.56 (0.93–2.64)b 0.76 (0.48–1.20)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Neglect
≥3 times 0.68 (0.42–1.12) 0.92 (0.73–1.15) 1.09 (0.77–1.55) 1.14 (0.91–1.43)
Abbreviations: BMI, body mass index; CI, confidence interval.
a,b Values with different superscripts are significantly different from one another in pairwise post-hoc tests (P < .05).
c Adjusted for age, race/ethnicity, college degree, ever smoked daily, and childhood financial insecurity.
(continued on next page)
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Table 3. Results from Multinomial Logistic Regression Models Predicting Diabetes Status for Men and Women (N =












1–2 times 0.80 (0.53–1.21) 0.90 (0.72–1.12) 0.98 (0.68–1.41) 1.29 (1.04–1.60)
Missing 0.95 (0.62–1.43) 0.89 (0.71–1.11) 0.87 (0.63–1.20) 1.22 (0.95–1.56)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Model 6: all forms of maltreatment and covariatesc
Sexual abuse
≥3 times 3.66 (1.31–10.24)a 0.95 (0.50–1.83) 1.04 (0.63–1.72) 0.91 (0.61–1.35)
1–2 times 0.74 (0.33–1.67)b 0.98 (0.62–1.55) 0.70 (0.32–1.50) 0.86 (0.59–1.26)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Physical abuse
≥3 times 1.11 (0.73–1.70) 1.01 (0.82–1.25) 0.77 (0.50–1.20) 0.88 (0.68–1.14)
1–2 times 1.25 (0.77–2.03) 1.30 (0.99–1.72) 1.02 (0.69–1.51) 0.97 (0.78–1.20)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Emotional abuse
≥3 times 0.74 (0.47–1.16) 0.97 (0.75–1.25) 1.02 (0.68–1.54) 0.88 (0.69–1.12)
1–2 times 0.45 (0.20–1.04) 0.73 (0.46–1.16) 1.57 (0.90–2.72) 0.75 (0.47–1.21)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Neglect
≥3 times 0.60 (0.37–1.00) 0.87 (0.69–1.09) 1.00 (0.68–1.46) 1.06 (0.84–1.34)
1–2 times 0.79 (0.52–1.22) 0.89 (0.70–1.12) 0.98 (0.67–1.42) 1.29 (1.02–1.63)
Missing 0.74 (0.47–1.16) 0.79 (0.64–0.98) 0.68 (0.49–0.94) 1.02 (0.80–1.29)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Model 7: all forms of maltreatment, covariatesc and BMI
Sexual abuse
≥3 times 3.80 (1.48–9.72)a 0.93 (0.49–1.77) 1.03 (0.62–1.71) 0.90 (0.61–1.32)
1–2 times 0.64 (0.30–1.37)b 0.92 (0.58–1.48) 0.71 (0.32–1.59) 0.89 (0.58–1.37)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Physical abuse
≥3 times 1.15 (0.76–1.75) 0.99 (0.81–1.22) 0.76 (0.48–1.21) 0.87 (0.66–1.14)
1–2 times 1.19 (0.74–1.91) 1.31 (1.00–1.71) 0.95 (0.66–1.36) 0.92 (0.73–1.14)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Emotional abuse
Abbreviations: BMI, body mass index; CI, confidence interval.
a,b Values with different superscripts are significantly different from one another in pairwise post-hoc tests (P < .05).
c Adjusted for age, race/ethnicity, college degree, ever smoked daily, and childhood financial insecurity.
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Table 3. Results from Multinomial Logistic Regression Models Predicting Diabetes Status for Men and Women (N =












≥3 times 0.70 (0.44–1.09) 0.97 (0.75–1.26) 1.00 (0.67–1.48) 0.86 (0.67–1.09)
1–2 times 0.44 (0.20–0.99) 0.71 (0.45–1.12) 1.67 (0.97–2.86) 0.77 (0.47–1.27)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Neglect
≥3 times 0.63 (0.38–1.04) 0.89 (0.70–1.12) 0.95 (0.64–1.43) 1.03 (0.81–1.32)
1–2 times 0.84 (0.53–1.33) 0.88 (0.70–1.12) 0.97 (0.65–1.45) 1.29 (1.02–1.63)
Missing 0.82 (0.54–1.25) 0.81 (0.65–1.01) 0.72 (0.51–1.00) 1.06 (0.83–1.35)
Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
BMI category
Obese class III 12.02 (7.21–20.03) 2.98 (1.98–4.50) 9.24 (6.05–14.11) 4.48 (3.42–5.87)
Obese class II 3.80 (2.33–6.19) 2.16 (1.63–2.87) 5.71 (3.40–9.59) 3.27 (2.46–4.34)
Obese class I 2.60 (1.65–4.09) 1.55 (1.22–1.96) 3.56 (2.46–5.75) 2.45 (1.99–3.03)
Overweight 1.35 (0.85–2.16) 1.25 (1.04–1.52) 2.01 (1.26–3.20) 1.67 (1.34–2.10)
Normal weight 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Abbreviations: BMI, body mass index; CI, confidence interval.
a,b Values with different superscripts are significantly different from one another in pairwise post-hoc tests (P < .05).
c Adjusted for age, race/ethnicity, college degree, ever smoked daily, and childhood financial insecurity.
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